INTRODUCTION
Pakistan's HIV epidemic is concentrated among key populations at greater risk of HIV. In 2011, the HIV prevalence was estimated to be 37.8% among injection drug users (IDUs), and 7.2%, 3.1% and 0.8% among hijra (transgender; HSW), male (MSW), and female (FSW) sex workers, respectively. 1 These HIV prevalence estimates are considerably higher than those of the general population (0.1%) 1 and of pregnant women attending antenatal clinics (0.05%). 2 Given the observed trajectory of the HIV epidemic among these key populations 1 3 (figure 1), evidence of potential injection and sexual routes of transmission between IDUs and sex workers, and alarming model projections of prevalence surpassing 70% among IDUs by 2025 in some cities and continuing to increase among sex workers, 4 it has become apparent that the window of opportunity to prevent HIV from exploding within IDU populations and becoming firmly established among sex workers and clients may be closing. 5 It is therefore imperative to implement effective HIV prevention programmes targeting key populations at high population coverage in Pakistan, and with consideration given to HIV transmission dynamics [6] [7] [8] [9] within geographically defined areas. Priorities include surveillance, analysis of data, investments in prevention and interventions implemented at high population coverage (table 1) .
The Government of Pakistan has indicated its commitment to reducing HIV transmission, and is a signatory to the United Nations Development Programme's Millennium Development Goals, whereby one of the goals is to 'halt and begin to reverse the HIV/AIDS epidemic by 2015'. 10 National-level HIV prevention priorities, resource allocation and implementation strategies are described in the strategic plans prepared and published by the National AIDS Control Program (NACP), and the progress reports to the United Nations General Assembly Special Session on HIV/AIDS. [11] [12] [13] [14] Since 1986, the national response to HIV/AIDS in Pakistan (figure 2) has been led by NACP, with Provincial AIDS Control Programs (PACPs) largely responsible for implementation, much of which takes place through non-governmental organisations (NGOs). 15 16 Coordinated global efforts for HIV prevention prompted the Government of Pakistan to develop its 5-year National Strategic Framework (NSF-I) with UNAIDS support in 2001, which set priorities and aimed to establish a multisectoral response. 17 This led to the Enhanced HIV/AIDS Control Program (EHACP) for a 5 year period with financial support from the World Bank, the UK Department for International Development (DFID), and the Canadian International Development Agency (CIDA), with an overall focus on HIV prevention among key populations. The national response was reviewed in 2006, and the Second National Strategic Framework (NSF-II) was developed for [2007] [2008] [2009] [2010] [2011] 14 with a total budget of US$99.4 million from the World Bank, DFID and the Government of Pakistan described in the Planning Commission Document 1 (PC-1) of the EHACP. PC-1s describe the programme plan and budget for the subsequent 5 years, and are approved by the executive committee of the National Economic Council (Pakistan). Pakistan also received funding from The Global Fund to Fight AIDS, tuberculosis and malaria to scale up prevention and treatment, care and support services for IDUs. Due to devolution of the ministry of health, the provinces are developing their own HIV prevention strategies which will form the Pakistan AIDS Strategy (PAS-III 2012-2016).
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By the end of 2009, HIV/AIDS interventions reached more than 30 000 IDUs, 25 000 MSW/HSWs, 12 000 FSWs and 50 000 long-distance truckers. According to the National AIDS Spending Assessment, a total of US$34.19 million was spent in 2008 and 2009. 12 For fiscal year 2009-2010, it was reported that 43% of HIV/AIDS funds were spent on prevention, with another 38% spent on programme management. 11 Within the prevention category, the majority of the ∼US$5.7 million in funding was spent on harm reduction activities among IDUs and their partners (US$3.8 million), sex workers (∼US$0.8 million), with the remainder spent on prevention among 'vulnerable and accessible populations', men who have sex with men (MSM), blood safety and behaviour change communication. 11 Pakistan's 2010 UNGASS report presents how US $13.88 million were allocated for HIV prevention among specific population groups over two fiscal years (2008-2009 and 2009-2010) . According to this breakdown, 54% was spent on IDUs, 21.6% spent on FSWs, 11% spent on MSW/HSWs and the remaining 13.3% (US$1.85 million) was spent on jail inmates, truck drivers and women and their partners. 12 Although there have been efforts to implement a comprehensive multisectoral approach for the prevention and treatment of HIV in Pakistan, there have been significant barriers to implementation, including conflict and insecurity, funding gaps, competing priorities and lack of capacity. 11 18-20 This has undermined Pakistan's political commitment to HIV prevention, and has coincided with an increasing HIV prevalence. Moreover, the prevailing conservative social norms render the provision of services and protection of rights for marginalised populations, particularly those related to HIV prevention, politically unfavourable. 20 This challenging context has been further exacerbated by the devolution of Pakistan's Ministry of Health in June 2011 as part of the 18th constitutional amendment, 21 and natural disasters, such as the 2010 floods which killed more than 2000 people and internally displaced nearly 2.5 million more, resulted in substantial reallocation of funds from EHACP. 22 Now, in the context of devolution, the provinces are engaged in a process to redefine their roles. With the prospect of a rapidly spreading epidemic among key populations, there is an urgent need to re-engage and redefine efforts for HIV prevention. With its wealth of data gathered among key populations through the Canada-Pakistan HIV/AIDS Surveillance Project (HASP) from 2004 to 2011, Pakistan is well positioned to design a comprehensive and evidence-based HIV prevention programme.
In this paper, we provide an assessment of the prevention initiatives undertaken to date, and present estimates of the cost to implement comprehensive HIV prevention programmes at high coverage in cities across Pakistan. 
METHODS

Population size estimates
Mapping data collected as part of the Canada-Pakistan HIV/ AIDS Surveillance Project between March and September 2011 8 was used to locate, enumerate and characterise populations of IDUs and female, male and hijra sex workers in each of the cities included in the mapping. In mapping, secondary key informants, such as taxi drivers, were interviewed to identify locations where members of these key populations congregate. This step is followed by interviewing key population members themselves to get more detailed information about locations. The cities in which mapping was conducted are considered to be the most important cities in terms of presence and size of key populations. Data collection and analysis as part of HASP was approved by the institutional ethical review boards of HOPE International in Pakistan and the Public Health Agency of Canada. Our approach identified priority cities across Pakistan in which to implement targeted HIV prevention programmes for particular key populations in order to achieve high programme coverage.
Program cost estimates
We used two methods to convert the costs to US dollars: the effective exchange rate and the purchasing power-adjusted exchange rate. Actual costs to implement service delivery programmes for these key populations in Sindh Province 23 in 2009 were used to calculate an estimated cost to achieve 80% programme coverage, according to the population size estimates derived from the 2011 round of mapping and surveillance. We include these estimates for 80% population coverage because impact evaluations of programmes in India with coverage at this level have shown a reversal of the epidemic among FSWs, clients and the general population. 24 25 The 2009 annual cost of Pakistani rupees 1675 (PKR; 2011, US$21.14) for each female sex worker, and 1450 PKRs (2011 US$18.30) for each male or hijra sex worker was used for this calculation. This cost includes six visits to a primary health clinic, sexually transmitted infection treatment costs, 240 condoms, 12 visits with a peer educator, and costs to train programme staff, conduct a baseline survey and annual evaluation, and 25% management charges for the NGO host. The annual cost of 2875 PKRs (2011 US$36.28) per IDU includes 12 visits to a primary health clinic, 300 disposable 5cc syringes with a needle, STI treatment costs, 50 condoms, 12 visits with a peer educator, and costs to train programme staff, conduct a baseline survey and annual evaluation, and 25% management charges for the NGO.
Cost sensitivity analysis
A sensitivity analysis was conducted using different per-client programme cost estimates. Programme cost data from India were used to calculate alternative costs for HIV prevention for key population members in the same cities of Pakistan. To facilitate comparison, all costs were converted to 2011 currency values using the real effective exchange rate index, and then converted to US dollars using 2011 purchasing power-adjusted market exchange rate conversion factors. 26 27 The 1 January 2011 exchange rates used were PKR85.61, and`44.7. The 
Previous evidence has suggested that 80% key population programme coverage may effectively stem HIV transmission among sex workers, clients and the general population. 24 25 This may be approached in two ways: by reaching 100% of key population members in 80% of the cities in which these key population members live, or to reach 80% of key population members in all the cities in which they live. By applying the first approach to the cities included in this study, programmes would only have to be implemented in 10 cities to reach 80% of the population. Faisalabad, Hyderabad and Lahore were included in the prioritised cities for all three key population groups and should, therefore, have programmes targeting all three groups. Based on the system of prioritising the cities with 80% of the key population members, programmes targeting two of the key populations should be implemented in Karachi (IDU and MSW/ HSW), Sukkur (IDU and MSW/HSW), Multan (FSW and MSW/ HSW), and Quetta (FSW and MSW/HSW). Finally, programmes targeting one key population should be implemented in Nawabshah (IDU), Peshawar (IDU), and Sargodha (FSW) to achieve 80% population coverage, for a total annual cost of US $3.5 million (US$8.06 million adjusted for purchasing power) (table 2) .
By population group, this is an annual cost of US$1.36 million (11.6 crore Pakistani rupees) for IDUs, US$625 248 (5.4 crore rupees) for MSW/HSW, and US$1.51 million (12.9 crore rupees) for FSWs (table 2) . This represents a proportional allocation of 39% to IDU programmes, 18% to MSW/HSW programmes, and 43% to FSW programmes.
The Pakistan and India rupee are particularly undervalued in relation to the US dollar, resulting in the large change in the cost estimate upon adjusting for purchasing power. Incorporating the purchasing power adjustment to the cost estimates derived from three different countries effectively eliminates differences in the purchasing power of their respective currencies, rendering these cost estimates comparable.
DISCUSSION
Pakistan is to be commended for its HIV surveillance programme (2004-2011), its efforts to provide services to key populations despite complex social and political challenges, and recent changes to its prevention targets to reflect the reality of a concentrated epidemic by prioritising prevention among key populations. Pakistan is rare in terms of its wealth of scientific data available which could be used to better set priorities. We have a rich understanding of the key populations, the current distribution of HIV infections, and the behaviours that drive transmission. Pakistan's HIV epidemic is concentrated among key populations, with geographic heterogeneity, very few infections in the general population, and modelling results project an increase in HIV prevalence if current trends continue. 4 In this epidemiological context, HIV prevention programmes should target IDUs and male, hijra and female sex workers at high population coverage. 9 Although the prevalence is relatively low among sex workers, the prevalence was close to zero until recently, suggesting that HIV may have recently been introduced to sex work networks. 1 Considering the behavioural risks and large size of sex worker populations, there is significant potential for rapid transmission of HIV within these networks, and it is therefore imperative to rapidly implement HIV prevention interventions for sex workers and IDUs. Given the present economic and development situation, it is essential that available resources are put to optimal use.
Considering key population sizes in Pakistan's major cities, and the costs to implement these services in Pakistan, we estimate an annual cost of US$3.5 or 7 million over 2 years, to achieve 80% population coverage. This is considerably lower than the funding that was made available for HIV prevention in Pakistan in the last several fiscal years, suggesting that it is feasible to fund programmes at sufficient coverage to stem HIV transmission. According to the 2010 UNGASS report, more than twice this amount was spent on prevention efforts targeting specific populations. 12 This cost may be reduced by eliminating the 13.3% that was spent on women, truckers and jail inmates who are of low HIV prevalence and risk, and rather strategically allocate costs according to local key population sizes and their needs (eg, client volume, frequency of injection).
Considering the behavioural risk of HIV acquisition among FSWs, continued low service coverage leaves that segment of the population highly vulnerable. If the HIV prevalence begins to increase among FSWs, the wider impact will be large due to the very large bridge population formed by the clients of FSWs. To maximise efficient use of limited resources, HIV prevention programmes should be implemented in the geographic locations with large key population sizes, and designed specifically for the local key population characteristics. As the priority cities we identified are in multiple provinces, a national coordinating body would be useful to ensure a coordinated response with strategic allocation of funds to the provinces and provide technical support and capacity-building opportunities to the provinces. Provincial strategic plans should focus prevention resources on saturating programme coverage among IDUs and sex workers according to the local context, characteristics and needs of the local key populations. Engaging NGOs as implementation partners contributes to the success of a programme because many have already established rapport with key population members. Capacity building within these organisations provides staff with the skills to implement, manage and monitor local programmes.
Our analysis sought to demonstrate an approach to maximising the population coverage of HIV prevention programmes for a given budget. Our cost estimates might well be underestimates for a full package of programmes and services, and are intended to demonstrate an approach to determine how to allocate HIV prevention funds to achieve high population coverage. For example, the programmes from which these costs are derived provide 240 condoms per FSW annually, which may not be sufficient if her client volume is higher than 240 per year. Further, costs for structural interventions have not been included. The estimated costs to deliver these programmes using cost estimates from India are indeed higher. Cost estimates per key population member vary according to the purchasing power of national currencies and, therefore, it is important to adjust for purchasing power parity in order to make comparisons across countries. Local costs will also vary according to the particular components and configuration of HIV prevention programmes required for the local context. Overall costs will vary according to the particular size of key populations in the local context. The government must change the way it prioritises HIV/AIDS, first by approaching HIV as an urgent public health issue and, second, by addressing the underlying socioeconomic determinants of the epidemic as well as stigma, misconceptions and the influence of religious and societal pressures which shape the opportunities, behaviours and vulnerabilities faced by key populations at greater risk of HIV. Fostering a sense of accountability for HIV incidence may reduce the barriers to programme implementation and re-energise decision makers. There are many challenges to the uptake and delivery of comprehensive HIV prevention programmes for IDUs and sex workers in Pakistan, which affects the ability to achieve high population coverage. 29 30 However, strategies also exist that may be used to reduce the barriers to accessing such programmes, such as the implementation of carefully planned outreach services delivered by trained community members, and designing fixed service delivery sites to ensure the accessibility, safety, confidentiality and privacy of patrons. Involving community members in programme planning and implementation increases the likelihood that programmes will be acceptable and accessible to members of these highly marginalised populations, and sensitisation of local authorities to improve the ability of such services to exist without disruption. Given the presence of epidemiological, behavioural and structural differences in different cities across Pakistan, data specific to local contexts should also be used when determining the best ways to deliver HIV prevention programmes. 4 The cost estimates reported in this paper were derived from key population mapping conducted in major cities across Pakistan and are, therefore, limited by the mapping methodology. The system we used for prioritising cities for HIV prevention interventions targeting key populations was intended as a simplistic demonstration, and only included population-size data. In order to achieve 80% population coverage across the major cities in Pakistan, 100% population coverage would have to be achieved in the prioritised cities, and this is likely not feasible. It did not incorporate data about the prevalence of HIV and risk behaviours among key populations in different cities. We did not incorporate data about the reported frequency of sex, condom use and the sharing of drug injection equipment or information about local social, cultural and political factors which may affect health, behaviours, stigma, social and economic opportunities and access to services. These factors impact the probability of HIV transmission and should be considered in a more comprehensive prioritisation scheme to determine how to allocate HIV prevention resources most efficiently. Also, projections of future HIV prevalence and incidence may inform prioritisation.
Key messages
▸ Given competing interests, limited funding, socially conservative context and increasing HIV prevalence, it is important to maximise the impact of HIV prevention programmes. ▸ Cities with relatively large key population sizes may be prioritised for the implementations of targeted HIV prevention programmes. ▸ To achieve 80% population coverage, HIV prevention programmes could be implemented in 10 major cities across Pakistan for a total annual operating cost of approximately US$3.5 million which is much less than current annual expenditures.
Handling editor Jackie A Cassell.
